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Targeting the carbonate-dominated catchment of Xiangxi River, the first tributary of 

Three Gorges Reservoir, this paper explores the spatiotemporal distribution of stable 

isotopes in the stream water, and distinguishes the water sources and recharge processes 

in the river basin. Multiple water samples were collected from the catchments of the main 

tributaries of Xiangxi River, namely, Nanyang River and Gaolan River. The results show 

that the two tributary catchments had obvious spatial and seasonable variability in δ18O 

and δD. This is attributable to the seasonal changes in meteoric precipitation recharge, 

which depends on ambient temperature, precipitation, evaporation, and secondary 

evaporation of raindrops. Besides, there is a strong elevation effect on stable isotopes in 

stream water. In the samples from Gaolan River, the mean elevation effect on the δ18O 

and δD was -0.35‰, and -1.57‰ per 100m change in elevation in summer, and -0.12‰, 

and -1.19‰ per 100m change in elevation in winter, respectively. In the samples from 

Nanyang River, the mean elevation effect on the δ18O and δD was -0.14‰ and -0.89‰ 

per 100m change in elevation in summer, and -0.08‰ and -0.66‰ per 100m change in 

elevation in winter, respectively. The δD, δ18O, and deuterium excess (d-value) are not 

only affected by the elevation effect, but also by the seasonal effect in the study area. The 

seasonal variations and spatial changes in the tributary catchments reveal the difference 

between the two catchments in control factors like latitude effect, evaporation, and the 

mixing of different water sources. 
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1. INTRODUCTION

The isotope techniques provide an economic and valuable 

tool for geochemical and hydrogeological investigations [1-4]. 

Facing serious and widespread water shortage, hydrologists 

have attempted to develop and manage water resources based 

on the spatiotemporal variation of stable isotopes in 

precipitation and surface water [1, 2, 5-8]. 

The content variations of environmental isotopes of oxygen 

(δ18O) and hydrogen (δD) are natural markings that facilitate 

the understanding of the entire change process of oxygen and 

hydrogen isotopes: evaporation, condensation, raindrop 

formation, and aquifer infiltration. These two isotopes have 

been widely employed to study hydrogeological processes 

within the hydrologic cycle [9-12], such as precipitation, 

groundwater recharge, groundwater-surface water interaction, 

and basin hydrology [9, 13, 14], distinguish the source and 

pathways of streams and groundwater recharge [2, 15], and 

evaluate the dynamics of surface water and groundwater, 

evaporation of water bodies, and the mixing between various 

water sources [7, 16-18].  

Central China’s Hubei province has a warm and humid 

climate, which is controlled by subtropical monsoon. The 

annual mean precipitation of the province is as high as 1,400-

1,500mm. Most areas of Hubei are dominated by mountains 

and deep valleys formed with carbonate rocks. From the 

mountainous areas, the groundwater flows into rivers, and 

mixes with surface water, which often has no clear source or 

end [19]. In the well-developed karst mountains, groundwater 

and surface water transform mutually at a rapid pace. 

Therefore, the karst water resembles surface water in many 

hydrological and hydraulic features. It is possible to rely on 

environmental isotopes to explore the karst transformation 

between surface water and groundwater, and the hydrologic 

cycle in the karst mountains. 

This paper investigates the transformation relationship 

between surface water and groundwater, and the geochemical 

and hydrologic cycle in karst mountains, Xiangxi River Basin, 

Hubei Province, based on the spatiotemporal distribution of 

δD and δ18O in relevant streams and springs. In addition, the 

authors summarized the spatiotemporal distribution of water 

resources in the study area, as well as the pattern of sustainable 

development for such resources. 

2. METHODOLOGY

2.1 Study area 

Originating in the Shennongjia National Forest Park 
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(SNFP), Xiangxi River is the first tributary of the Yangtze 

River in the Three Gorges Reservoir (Figure 1). The 94km-

long river and its tributaries drain an area of 3,099km2 (N: 

30º96’- 31º67’; E: 110º47’-111º13’).  

With an elevation range of 154m-3,000m, the Xiangxi River 

Basin has a typical northern subtropic mountainous landscape, 

and experiences a humid climate. From 1961 to 2004, the 

annual precipitation fluctuated considerably between from 

670mm and 1,700mm, averaging at 1,100mm. In the same 

period, the annual temperature ranged between 12℃ and 20℃, 

averaging at 15.6℃. The rainy season (summer) lasts from 

May to September, including a flood season from July to 

August, while the dry season (winter) spans from December to 

the next February. The annual mean depth of runoff stands at 

688mm. 

About 70.9% of the river basin is covered by evergreen 

broadleaved forests, and mixed evergreen and deciduous 

forests. These forests mainly grow on hillsides and slopes [20]. 

The outcrop area of carbonate rocks in the river basin amounts 

to 2,135.11km2, 66.62% of the total area. In particular, the 

outcrops are distributed continuously in the midstream and 

upstream of three tributaries: Nanyang River, Gufu River, and 

Gaolan River. 

 

 
 

Figure 1. The study area and sampling points 

 

2.2 Sampling 

 

The samples of surface water and groundwater were 

collected from upstream to downstream in the catchments of 

the three tributaries in the study area. Two sampling 

campaigns were conducted. A total of 19 samples were 

collected in the first campaign during the rainy season in 

August, 2011, and 14 were collected in the second campaign 

during the dry season in December 2011. As shown in Figure 

1, the sampling points of surface water are located along two 

streams: Nanyang river and Gaolan river; those of 

groundwater are located in two springs within two caves: 

Xiangshui Cave and Xianglong Cave. Before use, each sample 

bottle was cleaned with distilled water in lab, and rinsed with 

groundwater at least three times.  

Each sample was divided into two parts. One part was 

reserved for chemical analysis, and the other for isotopic 

analysis. Once collected, the samples for chemical analysis 

were pumped by a handheld vacuum pump through a cellulose 

nitrate membrane filter with pore size of 0.45µm. The samples 

for isotopic analysis were acidified to pH<2.0 by adding a few 

drops of HNO3. 

Every sample was transferred to the lab in high-density 

50mL polypropylene bottles. The bottles were sealed tightly, 

such that no trapped air contacts with the sample. After 

arriving at the lab, the bottles were stored 4℃ in a refrigerator, 

waiting for chemical and isotopic analyses.  

The bicarbonate and carbonate of the water were measured 

in situ through standard titration. With a portable device 

(Eureka Instruments, Manta2), the physical parameters of the 

samples were also measured in situ, including pH, redox 

potential (Eh; mV), temperature (T; ℃), and electrical 

conductivity (EC; µS/cm), after being calibrated by standard 

solutions. The results of the field measurements are listed in 

Table 1. 
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Table 1. Elevation, hydrochemistry data and isotopic composition (δ18O and δD) of water samples in Xiangxi river basin 

 

Sub-basins Sample No. Sampling site 
Elevation  

Sampling season 
δD(‰) δ18O(‰) 

d-excess 
T 

pH 
EC 

(m) V-SMOW ℃ μS/cm) 

Nanyang 

river basin 

NY01 Muyu 1310 
summer -68.13 -10.07 12.43 11.10 8.2 172.8 

winter -70.22 -10.29 12.06 7.89 8.45 172.8 

NY02 Dangyang 1090 
summer -62.75 -9.47 13.01 14.50 8.37 173.8 

winter -65.44 -9.76 12.61 8.77 8.55 199.2 

NY03 Honghua 855 
summer -64.99 -9.88 14.05 14.00 8.07 144.3 

winter -67.05 -9.98 12.77 8.53 8.46 195.8 

NY04 Chaoshui 815 
summer -61.10 -9.04 11.22 17.80 8.25 161.5 

winter       

NY05 Sandui 645 
summer -62.35 -9.31 12.13 17.40 7.90 168.2 

winter -66.92 -9.94 12.61 8.92 8.24 196.6 

NY06 Cangping 485 
summer -63.00 -9.16 10.28 15.80 8.12 159.6 

winter -65.69 -9.94 13.80 9.20 8.36 211.8 

NY07 Baisha 205 
summer -60.12 -8.89 11.00 18.00 8.12 175.5 

winter -64.30 -9.66 12.98 9.93 8.63 252.0 

NY08 Hekou 295 
summer -62.44 -9.17 10.92 22.10 8.45 236.0 

winter       

Gaolan river 

basin 

GL01 
Anqiaol 970 summer -59.29 -8.91 11.99 21.50 8.58 239.9 

  winter       

GL02 Anqiaor 740 
summer -61.08 -8.95 10.52 20.10 8.40 333.7 

winter -63.34 -9.25 10.63 7.82 8.59 336.6 

GL03 Menjia 740 
summer -61.29 -9.22 12.47 19.70 8.27 342.5 

winter -60.53 -8.93 10.95 7.82 8.44 342.1 

GL04 Taoyuan 650 
summer -59.26 -8.88 11.78 24.30 8.48 330.2 

winter       

GL05 Baiji 585 
summer -58.16 -8.61 10.72 26.90 8.56 324.3 

winter       

GL06 Kongzi 665 
summer -59.12 -8.74 10.80 21.50 8.33 353.3 

winter -60.55 -8.95 11.05 8.36 8.52 350.1 

GL07 Shuiyue 595 
summer -55.84 -8.31 10.64 27.50 8.53 256.2 

winter -59.09 -8.78 11.15 9.62 8.92 212.3 

GL08 Xuetang 475 
summer -54.81 -8.05 9.59 24.10 7.91 246.0 

winter -57.96 -8.91 13.29 6.92 8.36 209.6 

GL09 Shijia 190 
summer -56.11 -8.37 10.85 24.80 8.17 348.2 

winter -58.90 -8.71 10.79 12.70 8.64 334.9 

Underground 

streams 

XS01 
Xiangshui 

Cave 
355 

summer -62.83 -8.91 8.45 24.20 7.50 334.4 

winter -54.87 -8.07 9.69 14.25 7.72 370.0 

XL01 
Xianglong 

Cave 
390 

summer -61.18 -9.05 11.22 14.30 7.37 326.1 

winter -63.38 -9.52 12.76 14.10 7.86 347.8 

 

Sub-basins Sample No. Sampling site 
Elevation  Sampling 

season 

hydrochemical  type K+ Na+ Ca2+ Mg2+ HCO3
- SO4

2- Cl- NO3
- 

(m)  mg/L        

Nanyang 

river basin 

NY01 Muyu 1310 
summer HCO3-Ca·Mg 0.49 n.a. 21.99 10.75 122.04 8.03 4.86 0.61 

winter HCO3-Ca·Mg 0.38 0.11 24.81 16.06 152.55 7.16 4.47 0.46 

NY02 Dangyang 1090 
summer HCO3-Ca·Mg 0.47 n.a. 23.51 9.41 122.04 10.69 5.25 n.a. 

winter HCO3-Ca·Mg 0.59 0.26 28.99 17.70 134.24 9.45 5.24 0.58 

NY03 Honghua 855 
summer HCO3-Ca·Mg 0.60 0.04 24.99 10.19 128.14 10.20 4.85 0.81 

winter HCO3-Ca·Mg 0.57 0.36 28.69 16.15 122.04 10.59 6.00 0.69 

NY04 Chaoshui 815 
summer HCO3-Ca·Mg 0.74 0.42 29.50 8.81 201.37 17.22 4.90 0.75 

winter          

NY05 Sandui 645 
summer HCO3-Ca·Mg 0.65 n.a. 30.23 10.61 140.35 13.84 4.86 n.a. 

winter HCO3-Ca·Mg 0.43 0.21 29.12 16.19 128.14 10.35 5.65 0.64 

NY06 Cangping 485 
summer HCO3-Ca·Mg 0.52 n.a. 28.46 10.8 140.35 12.18 4.87 0.84 

winter HCO3-Ca·Mg 0.49 0.32 31.82 16.47 146.45 14.25 6.97 0.91 

NY07 Baisha 205 
summer HCO3-Ca·Mg 0.70 0.41 31.49 10.95 143.40 16.62 5.35 1.04 

winter CaMgHCO3SO4 0.52 0.60 35.97 19.57 158.65 39.96 19.88 1.59 

NY08 Hekou 295 
summer HCO3-Ca·Mg 0.67 0.57 33.23 13.03 152.55 15.35 5.81 1.00 

winter          

Gaolan river 

basin 

GL01 
Anqiaol 970 summer HCO3-Ca·Mg 1.03 1.09 30.15 14.90 164.75 13.59 6.17 0.65 

  winter          

GL02 Anqiaor 740 
summer HCO3-Ca·Mg 1.14 0.46 44.49 22.67 219.67 27.52 5.16 1.30 

winter HCO3-Ca·Mg 0.84 0.35 75.10 28.51 213.57 19.51 5.42 0.91 

GL03 Menjia 740 
summer HCO3-Ca·Mg 0.92 0.01 43.17 22.03 225.77 19.66 5.32 1.83 

winter HCO3-Ca·Mg 0.79 0.45 42.52 30.38 195.26 22.76 11.11 0.94 

GL04 Taoyuan 650 
summer HCO3-Ca·Mg 1.04 1.01 41.01 22.17 201.37 33.65 5.23 1.01 

winter          

GL05 Baiji 585 summer HCO3-Ca·Mg 1.01 n.a. 40.56 22.83 213.57 23.34 5.14 1.06 
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winter          

GL06 Kongzi 665 
summer HCO3-Ca·Mg 0.91 0.02 44.08 24.28 219.67 29.13 5.09 1.18 

winter HCO3-Ca·Mg 0.86 0.61 41.45 29.52 158.65 24.66 4.96 0.99 

GL07 Shuiyue 595 
summer HCO3·SO4-Ca·Mg 2.99 1.39 31.61 12.03 128.14 39.25 9.04 1.27 

winter HCO3·SO4-Ca·Mg 1.97 1.757 30.63 14.22 115.94 30.79 5.75 1.28 

GL08 Xuetang 475 
summer HCO3·SO4-Ca·Mg 1.96 2.23 30.27 9.20 91.53 49.82 5.91 n.a. 

winter HCO3·SO4-Ca·Mg 1.41 2.05 30.41 10.83 85.43 51.56 5.20 1.23 

GL09 Shijia 190 
summer HCO3-Ca·Mg 1.23 1.01 42.08 22.18 201.37 30.57 6.23 1.71 

winter HCO3-Ca·Mg 1.22 1.54 41.45 28.02 164.75 22.59 5.98 1.56 

Underground 

streams 

XS01 
Xiangshui 

Cave 
355 

summer HCO3-Ca·Mg 0.90 0.50 45.19 18.27 213.57 18.45 6.97 n.a. 

winter HCO3-Ca·Mg 0.99 0.87 86.31 30.56 244.08 39.29 5.35 1.06 

XL01 
Xianglong 

Cave 
390 

summer HCO3-Ca 0.61 0.90 62.31 6.10 225.77 23.81 5.63 2.03 

winter HCO3-Ca 0.62 0.57 98.38 10.34 225.77 22.59 6.26 1.37 

 

2.3 Isotopic and chemical analyses 

 

The isotopic and chemical analyses were carried out in the 

State Key Laboratory of Biological and Environmental 

Geology, China University of Geosciences, Wuhan. The 

cations were measured by an inductively coupled plasma-

atomic emission spectrometer (ICP-OES; Thermo Fisher 

iCAP6300), and the anions were measured by an ion 

chromatographer (IC; Dionex 120). 

The stable isotope composition of water was reported with 

reference to the Vienna Standard Mean Ocean Water (V-

SMOW). Specifically, the δ18O and δD in the samples were 

measured at the MLR Key Laboratory of Karst Dynamics, 

Guilin, using a liquid water isotope analyzer (LWIA-24d, Los 

Gatos) with a precision of 0.2‰ for δ18O and of 0.6‰ for δD.  

The ratios of the stable isotopes were reported in ‰ using 

the conventional notations: 

 

𝛿18𝑂𝑉−𝑆𝑀𝑂𝑊(‰) = (
𝑂18 / 𝑂16

𝑠𝑎𝑚𝑝𝑙𝑒

𝑂18 / 𝑂16
𝑠 𝑡𝑎𝑛𝑑𝑎𝑟𝑑

− 1) × 1000  

 

𝛿2𝐻𝑉−𝑆𝑀𝑂𝑊(‰) = (
𝐻2 / 𝐻1 𝑠𝑎𝑚𝑝𝑙𝑒

𝐻2 / 𝐻1 𝑠 𝑡𝑎𝑛 𝑑𝑎𝑟𝑑

− 1) × 1000  

 

 

3. RESULTS 

 

3.1 Geochemical features 

 

Table 1 presents the stable isotopes and chemical 

compositions of the collected samples. It can be seen that, all 

samples were weakly alkaline (pH=7.37-8.92) with pH 

varying from 7.37 to 8.58 in summer, and from 7.72 to 8.92 in 

winter, respectively; the temperature ranged between 11.1℃ 

and 27.5℃ in summer, and between 6.9℃ and 14.25℃ in 

winter; the EC value varied from 144.3μs/cm to 479.7μs/cm in 

summer, and from 172.8 μs/cm to 370.0 μs/cm in winter, 

which is positively correlated with main-ions gross (r2=0.69). 

The EC values of samples from Gaolan River were generally 

higher than those of the samples from Nanyang River. 

As shown in Table 1 and Figure 2, the more than 90% of the 

cations in the samples from Xiangxi River Basin are Ca2+and 

Mg2+; the Na+ and K+ contents are relatively low. HCO3
- is the 

most abundant anion, followed by SO4
2- and Cl-; NO3

- is the 

least abundant anion.  

Overall, the collected samples are simple in hydrochemistry: 

most samples belong to the HCO3-Ca·Mg type, and some 

belong to HCO3-Ca type and HCO3·SO4-Ca·Mg type. These 

ions originate from the weathering of the calcite and dolomite 

bedrock.  

In addition, the samples from the two streams differed 

sharply in hydrochemistry with those from the two caves. The 

difference is clearly illustrated with a piper plot (Figure 2), a 

single four-sided diagram presenting the main ions of water 

chemistry [21]. 

Judging by the composition of main ions, most samples 

from the two streams belong to HCO3-Ca·Mg type; only one 

sample from Nanyang River and four from Gaolan River 

belong to HCO3·SO4-Ca·Mg type. This means some of these 

samples are affected by human activities. 

As for groundwater samples, the samples from Xiangshui 

Cave and Xianglong Cave belong to HCO3-Ca·Mg type and 

HCO3-Ca type, respectively, indicating that the groundwater 

from Xianglong Cave was controlled by the weathering of 

calcite bedrock. 

 

 
 

Figure 2. The piper plot on hydrochemistry data 
Note: The cation and anion contents are plotted on the two trilinear diagrams, 

and the points on the piper diamond are obtained by extrapolation. 

 

3.2 Hydrogen and oxygen isotope compositions 

 

The results of isotopic analysis (Table 1) show greatly 

fluctuations in δ18O and δD in the collected samples. For the 

samples from Nanyang River, the δ18O and δD varied within 

[-68.13‰, -60.12‰] and [-10.07‰, -8.89‰] in summer, and 

within [-70.22‰, -64.30‰] and [-10.29‰, -9.66‰] in winter, 

respectively. 

For the samples from Gaolan River, the δ18O and δD varied 

within [-61.29‰, -54.81‰] and [-9.22‰, -8.05‰] in summer, 
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and within [-63.34‰, -57.96‰] and [-9.25‰, -8.71‰] in 

winter, respectively.  

For the samples from the two caves, the δ18O and δD varied 

within [-8.91‰, -62.83‰] and [-9.05‰, -61.18‰] in summer, 

and within [-8.07‰, -54.87‰] and [-9.52‰, -63.38‰] in 

winter, respectively.  

These variations are the result of the hydrological features 

of the tributary catchments: The water level is affected by the 

seasonal variation of meteoric recharge. The seasonal 

variations of δ18O (δD) in Xiangxi River Basin obey different 

laws in dry and wet seasons. 

 

 

4. DISCUSSION 

 

4.1 δ18O and δD variations in streams and springs  

 

The δD content has a linear relationship with the δ18O 

content. In 1961, Harmon Craig discovered the global 

correlation between δD and δ18O in fresh water, and defined 

the δD-δ18O relationship in fresh surface water with the global 

meteoric water line (GMWL): δD=8δ18O+10 [22]. Rozanski et 

al. [23] evaluated the massive data collected by the 

International Atomic Energy Agency (IAEA) over the last 

three decades, and thus complemented the GMWL as 

δD=(8.17±0.06)δ18O+(10.56±0.65)%D.  

The GMWL is essentially the global average of many local 

meteoric water lines (LMWLs), each controlled by local 

climatic factors like the origin of the vapor mass, secondary 

evaporation during precipitation, and the seasonality of 

precipitation. These local factors affect both the deuterium 

excess and the slope. In this paper, the meteoric water line of 

Yichang area [24] is chosen as the LMWL (δD=8.4δ18O+15).  

 

 
 

Figure 3. The δD -δ18O relationships of the collected 

samples, the GMWL [22], and the LMWL of Yichang area 

[24] 

 

As shown in Figure 3, the δ18O and δD distributions in the 

samples from Nanyang River and Gaolan River were similar 

to the LMWL, suggesting that the stream waters are of 

meteoric origin. According to the variations in δ18O and δD, 

the surface water samples come from different precipitation or 

recharge events. The δD-δ18O relationship in the samples of 

the two streams can be defined by the following least squares 

(LS) regression equations: δD=9.13δ18O+24.08 (Ganlan River, 

winter, r2=0.94, n=6); δD=5.66δ18O-9.44 (Ganlan River, 

summer, r2=0.88, n=9); δD=8.23δ18O+13.38 (Nanyang River, 

winter, r2=0.80, n=6); δD=5.66δ18O-10.02 (Nanyang River, 

summer, r2=0.89, n=8). In general, evaporation causes the 

differential increase in the δ18O and δD of the remaining water, 

causing the slope of the linear δD-δ18O relationship to be 

slower than that of the LMWL [10]. 

The δ18O and δD of the samples from the two streams had 

obvious differences in spatial distribution. Gaolan River had 

much higher δ18O and δD than Nanyang River. Generally, the 

δ18O and δD contents of stream water are mainly affected by 

the sources of recharge and evaporation [25]. Most samples 

from Nanyang River are clustered to the left of the LMWL, 

while most samples from Gaolan River are clustered to the 

lower right of the LMWL. The samples above and below the 

LMWL are mostly influenced by the enhanced moisture 

recycling and enhanced moisture loss, respectively [26]. In 

particular, the greater the distance from the GMWL, the 

greater the evapotranspiration. Therefore, the isotopic 

differences of the tributary catchments mainly stem from 

hydrological conditions. 

The seasonal variations of δ18O and δD in stream water are 

also depicted in Figure 3. In summer, the regression lines of 

the two tributary catchments had smaller slope and higher 

intercept than the LMWL, and their slopes were both 5.66. 

Hence, the two streams bear resemblances in the effect of 

evaporation and/or different sources of moisture, as well as the 

degree of evaporation. Besides, some evaporation must have 

taken place in the two catchments before or after the stream 

water is recharged. In winter, the regression line of Gaolan 

River had slightly higher slope (9.13) and lower intercept than 

the LMWL, indicating that the river is more affected by 

precipitation than evaporation in winter; the regression line of 

Nanyang River had similar slope as the MLWL, revealing that 

this river does not undergo evaporation in winter. 

Overall, the regression lines of the samples from the two 

rivers in winter were steeper than those in summer. This might 

be attributed to the low ambient temperature, limited 

precipitation, and negligible evaporation in winter, and the 

high ambient temperature, abundant precipitation, and intense 

evaporation, and/or secondary evaporation of raindrops 

beneath the cloud base in summer [27]. The secondary 

evaporation in summer is also supported by deuterium excess 

(d-excess) discussed in the next subsection. 

 

4.2 d-excess features 

 

Dansgaard [27] was the first to use d-value to characterize 

the d-excess in global precipitation. The d-excess is defined 

for a slope of 8, and calculated from any precipitation sample 

by: d=δD-8δ18O. As a comprehensive indicator of meteoric 

precipitation [28], d-excess has been widely used to measure 

how much the water vapor from different sources contribute 

to the atmosphere at a specific location [29]. It provides a 

better yardstick of the secondary evaporation effect than δ18O 

[2]. If the source region has a low humidity, the enhanced 

kinetic evapotranspiration will reduce the slope of the δD-δ18O 

regression line (<8) and increase the d-excess in the resulting 

precipitation (Clark and Fritz, 1997). If the source region has 

a high humidity, the precipitation will make the δD-δ18O 

regression line closer to the GMWL [22] (slope of 8) and push 

d-excess close to 10. 

From the data on the collected samples (Table 1), the d-

excess ranged from 8.45‰ to 14.05‰ in summer, and from 

9.64‰ to 13.80‰ in winter. In particular, the d-excess of most 

samples varied from 10‰ to 13‰. The d-excess in the 

671



 

upstream samples of Nanyang River was above 12‰ in 

summer, significantly higher than that in the samples from any 

other part of the study area, and also departed from the LMWL. 

This is because the heavy evaporation in summer tilted the 

balance between the isotopes, suppressing the δD and δ18O. In 

addition, the strong convection in summer, coupled with the 

drastic change of elevation between mountains, amplifies 

precipitation and greatly reduces and δD and δ18O [30]. The d-

excess in the upstream samples of Nanyang River was also 

greater than 12‰ in winter, higher than that in any other 

sample, and deviated from the LMWL. Unlike in summer, the 

regional d-excess difference was small, due to the limited 

precipitation in winter. 

The surface water samples from different reaches and the 

groundwater samples carried different regional features: (1) 

The upstream of Xiangxi River Basin is mainly controlled by 

the meteoric precipitation in SNFP, as well as the mountainous 

terrain and low temperature in the upstream of Nanyang River. 

During the sampling period, the water samples were affected 

by the relatively small humidity and non-equilibrium 

evaporation in the process of precipitation. (2) In summer, the 

d-excess of the upstream samples from Gaolan River was 

higher than 10.5‰, a sign of intense evaporation in the 

upstream during the sampling period. (3) In general, the d-

excess of groundwaters remained low, and showed a high 

degree of exchange [28], which could result from the water-

rock interaction that makes oxygen isotope exchange easier in 

karst area than in non-karst area. 

Xiangshui Cave, an outlet of underground river, is the 

discharge point of groundwater with a low d-excess (8.45‰), 

owing to the water-rock interaction and intense exchange of 

oxygen isotope in karst area. From recharge area to discharge 

area, a low d-value means a long runoff channel, a long 

detention time, and a high similarity in geological conditions. 

Moreover, the d-excess of Xianglong Cave, the other outlet of 

underground river, was 11.22‰. This is close to the d-excess 

of the same area. A possible reason is that the short runoff 

channel and fast velocity of groundwater keep the d-excess 

immune to the changes in factors like season and latitude. 

However, the d-excess of Xiangshui Cave (9.69‰) and 

Xianglong Cave (12.76‰) in winter was close to that in 

summer, indicating that the karst water-rock interaction in 

underground rivers is independent of seasonal changes. 

In summary, the upstream samples from Nanyang River and 

Gaolan River had marked differences in d-excess. Regional d-

excess difference originates from different factors in upstream, 

midstream, and downstream. In the upstream, the water is 

mainly affected by the difference in moisture source; in the 

midstream and downstream, the water is recharged by surface 

water and groundwater from different sources through runoff 

channels. 

In middle stream and downstream, it is recharged with 

surface and underground water from different sources through 

runoff way, recharge water sources of several periods in 

upstream of Xiangxi River Basin, and evaporation. 

 

4.3 Elevation effect 

 

The large elevation change in the study area might affect the 

distribution of hydrogen and oxygen isotopes [2, 9, 27, 31]. In 

high-elevation areas, the average temperature tends to be low, 

and precipitation will deplete isotopically [32]. 

From the isotopic compositions of the collected samples, 

the mean elevation effect on the δ18O and δD in the samples 

from Gaolan River was -0.35‰, and -1.57‰ per 100m change 

in elevation in summer, and -0.12‰, and -1.19‰ per 100m 

change in elevation in winter, respectively; the mean elevation 

effect on the δ18O and δD in the samples from Nanyang River 

was -0.14‰ and -0.89‰ per 100m change in elevation in 

summer, and -0.08‰ and -0.66‰ per 100m change in 

elevation in winter, respectively. The regression lines of all the 

collected samples displayed a relatively good correlation, 

indicating that the isotopic gradient is not only affected by the 

common precipitation source, but also by the geographic 

location of sampling points. 

As shown in Figure 4, the δD and δ18O of the samples from 

Nanyang River and Gaolan River demonstrate an obvious 

elevation effect. The two river catchments differ greatly in 

elevation change: the elevation difference of Gaolan River is 

1,100m, and that of Nanyang River is 2,300m. The vegetation 

cover of the two catchments is also different. These 

differences lead to the disparity in local climates, and magnify 

the elevation effect on δD and δ18O of meteoric precipitation, 

surface water, and groundwater. 

Because of the elevation effect, the δD and δ18O of the 

samples from the two tributary catchments differed in the 

decrement with the growing elevation in the same season. 

Thus, the two catchments have different hydrological 

processes. In the same catchment, the variation ranges of δD 

and δ18O varied from season to season. It can be seen that the 

δD and δ18O in the study area are impacted by both elevation 

effect and seasonal effect. 

 

 

 
 

Figure 4. The elevation effect on δD and δ18O in the surface 

water samples 
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4.4 Downstream changes in δD, δ18O, and d-excess, and 

seasonal effects 

 

4.4.1 Catchment of Nanyang River 

The upstream of the Nanyang River is located in the SNFP, 

which features thick vegetation and large elevation change. As 

shown in Figure 5, the isotope values of the samples from 

Nanyang River gradually increased from upstream to 

downstream. 

(1) δ18O and δD 

In summer, the δ18O of some upstream samples ranged 

widely, especially from the measuring points of Muyu (-

10.07‰) to Chaoshui (-9.04‰). Considering the lack of large 

estuaries, it is learned that the variation in δ18O is not merely 

affected by latitude and evaporation. Moreover, the water 

source of Honghua and Muyu is apparently different from that 

of Dangyang and Chaoshui. Hence, the water source of 

Honghua include precipitation or groundwater recharged by 

the water at high elevation. In the midstream and downstream, 

the river flow gradually increases, and the groundwater in the 

catchment flows into the river. Then, the water from difference 

sources mix well. This, plus a certain amount of evaporation, 

stabilizes the variation of δ18O in the midstream and 

downstream. 

 

 
 

Figure 5. The variations in δD, δ18O, and d-excess of downstream samples from Nanyang River and Gaolan River 

 

In winter, the δ18O of some upstream samples are lower than 

that in summer. In the upstream of Nanyang River, that is, the 

river segment fo Muyu (-10.29‰) –Dangyang (-9.76‰) – 

Honghua (-9.98‰), the trend and range of δ18O variation were 

consistent with those in summer. In the midstream and 

downstream, the δ18O was always lower than that at Dangyang, 

and the variation range of δ18O was narrower than that in 

summer. This means groundwater is a larger recharge source 

of the downstream than any other source in winter. 

On the whole, the δD of the samples from Nanyang River 

increased from upstream to downstream. The trend and range 

of δD variations were more stable than those of δ18O. In 

addition, a strong seasonal effect can be observed from the fact 

that the δD of samples in winter was generally lower than that 

in summer. 

(2) d-excess 

In summer, the d-excess of all samples from Nanyang River 

fell between 10.28‰ and 14.05‰. The d-excess in the 

upstream surpassed 12‰ and continued to increase. By 

contrast, the d-excess in the midstream and downstream fell 

short of 12.13‰, and minimized at 10.28‰. Moreover, the d-

excess in the midstream and downstream decreased with the 

distance to estuary: d-excess was 11.22% at Chaoshui, grew to 

12.13‰ at Sandui, then plunged to 10.28%, and gradually 

rebounded in the estuary area.  

In winter, the d-excess of all samples from Nanyang River 

ranged from 12.06‰ to 13.80‰, exhibiting a growing trend 

from upstream to downstream. This trend is not consistent 

with that in summer. Therefore, the δD and δ18O in winter are 

affected by few simple factors, due to the limited precipitation 

in the dry season. 
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4.4.2 Catchment of Gaolan River 

(1) δ18O and δD 

Gaolan River has two main tributaries: Kongzi River and 

Xiayang River. In summer, the δ18O of the upstream samples 

from Kongzi River fluctuated more violently than that in those 

from the other tributary (Figure 5). Thus, the small tributaries 

have different water sources. Located at the confluence of the 

upstream tributaries, Menjia sampling point recorded a δ18O of 

-9.22‰. In the midstream and downstream, the δ18O steadily 

increased except at Kongzi sampling point. Hence, the river in 

this segment is mainly controlled by latitude effect and 

evaporation. As for the sample from Kongzi River, δ18O 

decreased abruptly on account of groundwater recharge. The 

δ18O of the samples from Xiayang River were -8.31 ‰ and -

8.05 ‰, respectively, way higher than that in Kongzi River. It 

is obvious that the two small tributaries have different impact 

factors like topography, landform, and regional climate, apart 

from latitude effect and evaporation.  

In winter, the δ18O of the samples increased from the 

upstream to downstream. Due to the limited precipitation in 

winter, the δ18O in some samples from Gaolan River manifests 

that the water is recharged mainly by groundwater. The δ18O 

of winter samples were generally smaller than that of summer 

samples, which is clearly the result of seasonal effect. 

On the whole, the δD of the samples from Gaolan River 

followed the same trend as the δ18O. 

 

(2) d-excess 

The d-excess of all samples from Gaolan River ranged from 

9.59 ‰ to 12.47 ‰ in summer and from 10.63 ‰ to 13.29 ‰ 

in winter.  

In summer, the d-excess of upstream samples from Kongzi 

River had a wide variation with no obvious distribution, 

reflecting that the upstream water sources are diverse, 

especially in hydrologic cycle. In the midstream and 

downstream, the d-excess of the samples varied in a small 

range, which signifies a small difference in recharge source. 

The convergence of d-excess comes from the mixing between 

surface water and the recharging groundwater. The other 

tributary, Xiayang River, had a consideration difference from 

Kongzi River, in d-excess. Besides hydrochemistry type and 

geological background, the main reason for the difference lies 

in the catchment feature that induce the differences between 

the two river basins in hydrologic cycle and hydrological 

process. These two factors directly bear on the d-excess of 

water. 

In winter, the d-excess of the samples from Kongzi River 

did not change obviously along the river direction, suggesting 

that the δD in winter is affected by few simple factors, due to 

the limited precipitation in the dry season. For Xiayang River, 

the d-excess trend and distribution were sharply different from 

those of Kongzi River. Therefore, geological background and 

catchment feature can directly influence the d-value of water. 

 

 

5. CONCLUSIONS 

 

The stable isotope values in stream water in the Xiangxi 

River Basin varied significantly, for the water is affected by 

the seasonable variation in meteoric precipitation induced by 

the hydrological features. The δ18O (δD) in the study area 

fluctuated distinctive between summer and winter, which may 

be the low ambient temperature, limited precipitation, and 

negligible evaporation in winter, and the high ambient 

temperature, abundant precipitation, and intense evaporation, 

and/or secondary evaporation of raindrops beneath the cloud 

base in summer. 

Because of the elevation effect, the δD and δ18O of the 

samples from the two tributary catchments differed in the 

decrement with the growing elevation in the same season. 

Thus, the two catchments have different hydrological 

processes. In the same catchment, the variation ranges of δD 

and δ18O varied from season to season. It can be seen that the 

δD and δ18O in the study area are impacted by both elevation 

effect and seasonal effect. 

In the downstream of Nanyang River and Gaolan River, 

there were seasonal differences in δ18O, δD, and d-value, 

indicating the difference between the two catchments in 

control factors like latitude effect, evaporation, and the mixing 

of different water sources. The two catchments have different 

hydrologic cycles and hydrological processes in different 

seasons, as evidenced by the factors of evaporation, 

precipitation, and groundwater recharge. 
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